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DETAILED ACTION 
Claim Rejections - 35 USC § 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

2. Claim 1 and 8-12 are rejected under 35 U.S.C. 102(b) as being anticipated by Logan et at 
(US 4,873,632). 

Claim 1 : Logan et al anticipate all claimed invention in claim 1 . Logan et al disclose of 
nuclear or gamma camera system where the pixel data or numerical values of the image are 
processed and store according to photopeaks in multiple energy windows with scatter corrector 
to correct or reduce scatter by combining the counts of the multiple windows. The scatter 
corrector or reducer is coupled to the image processor and image data storage (col. 3, lines 3-15; 
col. 5, lines 21-48; col. 5, lines 52-58). 

Claims 8-12: Logan et al further disclose that the scatter correction algorithm includes 
mathematically combining by either additive or subtractive process (col. 10, line 67 - col. 11, 
line 34; col. 11, line 61 - col. 12, line 11). Further more, the scatter corrector acts to correct the 
scatter on a pixel-by-pixel basis with typical X,Y coordinates of the two-dimensional image . 
The photopeak energy windows (bell curve) may overlap depending on the emission energy of 
the radionuclides. 
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Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. Claims 2, 3, and 5 are under 35 U.S.C. 103(a) as being unpatentable over Logan et at. 
Claims 2 and 3: Logan et al disclose that the gamma camera detector detects multiple 

photopeaks, whether the radionuclides emits single or dual energy, the detection allows dual 
energy source. Therefore, Logan et al's gamma camera renders obviousness to utilize two 
different radiation sources or radioactive carrier to detect the photopeaks (col. 5, lines 33-38). 
Logan et al further disclose that the background scatter of the radionuclides is lower than the 
high energy level main photopeaks (col. 5, lines 58-66). 

Claim 5: Logan et al disclose of prior art where the nuclear or gamma camera is utilized 
with Thallium (Tl), GaUium. Lidium, and technetium (Tc)(col. 1, lines 23-44). 

5. Claims 4, 6, and 7 are rejected under 35 U.S.C. 103(a) as being unpatentable over Logan 
et al as applied to claiml-3 above, and further in view of Chilton et al (US 7,706,683). 

Logan et al substantially disclose of all claimed invention in claims 4, 6, and 7. 
However, Logan et al do not disclose of the apparatus described above is applied in lung 
perfusion or stress analysis with Tc and Xe. Chilton et al further teaches that the Xe is an 
alternative radionuclides source that can be detected by the nuclear or gamma camera as 
described by Logan et al. Furthermore, Chilton et al teach that the radioactive gas, Xe, inhaled 
by a patient, fills the lung. The radioactivity of the Xe gas is detected with radioactive or nuclear 
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camera for diagnostic procedure. The diagnostic information includes distribution of the gas in 
the lung (perfusion) (col. 1, lines 19-27) and the lung distress (or stress) (col. 3, lines 16-34). 
Therefore, it would have been obvious to one having an ordinary skill in the art at the time the 
invention was made to apply teachings of Chilton et al's application of Xe in lung perfusion, and 
stress study/analysis with the nuclear or gamma camera apparatus described by Logan et al. 
6. Claim 13-15, 18, and 19 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Flanagan et al (US 5,093,105) in view of Logan et al. 

Claims 13, 15, 18, and 19: Flanagan et al substantially disclose of all claimed invention in 
claims 13, 15, 18, and 19. Flanagan et al disclose of lung perfusion study/imaging by 
introducing radiotracers into patient via inhalation where the radiotracers emit gamma radiation 
such as Tc-99m, ^^'T1, and ^^^I (col. 1, lines 57-61; col. 2, lines 7-24). However, Flanagan et al 
lacks two distinct radioactive carrier introduced to the patient. Logan et al teaches that the 
gamma camera detector detects multiple photopeaks, whether the radionuclide emits single or 
dual energy, the detection allows dual energy source detection simultaneously. Therefore, Logan 
et al's gamma camera renders obviousness to utilize two different radiation source or radioactive 
carrier to detect the photopeaks simultaneously. Therefore, it would have been obvious to one 
having an ordinary skill in the art at the time the invention was made to apply the teachings of 
Logan et al to improve the deficiency in the teachings of Flanagan et al. 

Claims 14: Flanagan et al also disclose that the Tc-99m or 99mTc ligand is a 
macroaggrecated albumin (MAA) (col. 4, lines 31-35). 
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7. Claims 16 and 17 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Flanagan et al and Logan et al as applied to claim 13 above, and further in view of Chilton et al 
(US 4,706,683). 

Flanagan et al and Logan et al substantially disclose of all claimed invention in claims 16 
and 17. Although Flanagan et al and Logan et al do not include gaseous radiotracer such as 
Xenon, Chilton et al teach of such improvement. Chilton et al disclose that the Xenon gas is 
administered to a patient by inhalation for lung perfusion study Col. 1, lines 19-27; col. 3, lines 
16-42). Therefore, it would have been obvious to one having an ordinary skill in the art at the 
time the invention was made to apply the teachings of Chilton et al's Xenon gas administration 
to the teachings of Flanagan et al and Logan et al's lung perfusion imaging method to achieve 
the claimed invention. 
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Conclusion 



8. 



The prior art made of record and not relied upon is considered pertinent to applicant's 



disclosure. 



Madden et al (US 5,694,933), Madden et al (US 6,135,955), Layne et al (US 4,094,965), and 
Logan et al (IEEE Transactions on Medical Imaging). 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to William Jung whose telephone number is 703-605-4364. The 
examiner can normally be reached on Mon-Fri 8:30 AM to 5 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Denis Ruhl can be reached on 703-305-3256. The fax phone number for the 
organization where this application or proceeding is assigned is 703-308-0758. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is 703-308-1 148. 
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Single Photon Scatter Compensation by Photopeak 
Energy Distribution Analysis 

YL W. Logan, W.D. McFarland 
University of Missouri, Columbia, MO 65211 



Abstract 

Scattered photons degrade nuclear medicine image 
contrast and resolution, and preclude simple attenuation 
corrections. Current scatter corrections utilize events with 
energies below PHA window levels, making attenuation 
corrections depth and source distribution dependent This 
new scatter rejection technique analyzes only the photon 
signals occurring within the range of standard PHA 
windows. In real time, at each image location the PHA 
window energy distribution is analyzed, a scatter fraction 
determined, and a scatter corrected number of events are 
output The method can be adapted to any imaging system 
which produces event location and energy signals. Attenua- 
tion corrections (u=0.15, 140 kcV) are within 6% for 2 to 
10 cm depths. 

I. INTRODUCTION 

Ail nuclear medicine imaging systems utilize energy 
selective deteaion to limit the number of scattered photons 
collected, since erroneous source position dau is intro- 
duced when scatter photons are detected and used in gen- 
erating images. Due to the relatively poor energy resolu- 
tion of currently available scintillation detectors, a signifi- 
cant fraction of detected events accepted by the energy 
seleaive pulse height analyzer windows (PHAW) are 
actually scattered photons. Methods have been introduced 
to measure intensity of scatter photons [1,2], and subse- 
quently make corrections in the data used to generate 
images. These generally involve measuring thb intensities 
of scattered photons using a 'scatter window" PHAW. or a 
range of energies, below the photopeak PHAW energy 
region. Since there is an angle-energy relationship for 
Compton scattered photons, source locations from which 
photons originate and then scatter with resulting energies 
below the photopeak PHAW are generally different than 
those source locations that emit the photons which scatter 
but are accepted by the photopeak PHAW. This is illus- 
trated in Figure 1, where relative to scattering at point P, 
the photopeak PHAW accepts photons scattered within 
the angular range +. while photons of lower energies 
(below the photopeak range) can originate only from 
locations within the angular range indicated by ± By 
Source intensities vary with location, and therefore generat- 



ing scatter corrections based on scatter photon intensities 
with energies below the photopeak region can introduce 
erroneous image data. This erroneous image data could be 
avoided if corrections were based only on detected events 
with energies in the photopeak PHAW range. 
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Figure 1. Gometric relationship between scatter source 
location and energy range of pulse height analyz- 
er window. 

IL DESCRIPTION OF METHODS 

We have been working on methods for scatter correc- 
tion which utilize only the photons deteaed with energies 
within the photopeak PHAW, le. only those detected 
photon events which arc accepted and included in conven- 
tional setting of PHA windows. This is a task of separating 
the non-scattered photon intensities from scattered photon 
intensities which occur with overlapping energy spectra in 
the photopeak PHAW. When accomplished, this wUl avoid 
additional erroneous image data from correaions made 
using scatter photon intensities at energies below the 
PHAW region. Figure 2. illustrates both the basic scatter 
problem, and also the general features of scatter and non- 
scatter energy spectra within the photopeak PHA region, 
which are important for this new scatter correaion tech- 
nique. Data was collected from a point source of 140 kev 
photons in air, and at the same source/detcaor positions In 
water. The calculated in-water curve is lower than the 
measured curve due to detected scatter photons with pulse 
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heights which fall within the photopeak PHAW. The 
difference between the calculated and measured energy 
(pulse height) curves is the scatter energy spectninu For 
the source in water, the true non-scatter photon energy 
speanim is the same symmetric peak as the In-air mea- 
sured spectrum^ but reduced in intensity by attenuation. 



Direct Source Iroaglno 




Figure Z Point source energy spectra in air and water. Air 
spectrum multiplied by good geometry attenua- 
tion foctor for water. Difference in measured 
water spectra and calculated attenuation of air 
data is scatter reaching detector. 

The scatter spectrum for the same energy range is very 
asymmetric Several measurements were made with 140 kev 
point sources in air and water, and the resulting scatter 
photon energy spectra were obtained in the region of the 
photopeak as shown in Figure 3. These measurements 
show that the shape of the scatter photon energy spectrum 
&om a point source is nearly the same for depths of 2 to 10 
cm in water. Since the shape of the scatter energy spectra 
is essentially depth independent in the region of the 
photopeak, the PHAW can be divided into two regions 
such that each region will contain approximately equal 
numbers of detected scatter photon events, regardless of 
source depth (location). This division of the photopeak 
energy region scatter speara into two equal regions is 
indicated by vertical Une C in Figure 3. The use of equal 
scatter division of the PHAW into two regions for point by 
point scatter conection (or scatter rejection) is illustrated 
in Figure 4. The equal scatter division Une divides the 
PHAW in 10 two regions labeled A and C For each point 
in the image field, the number of events occurring in region 
C is subtracted from the number of events occurring in 
region A. Since the number of scatter events in the two 
regions is the same, the difference A - C contains no 
scatter. Region C is considerably narrower than region A, 



so that most of the photopeak non-scatter events occur in 
region A. 
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Figure 3. Measured scatter energy spectra in region of 
photopeak for 140 keV photons emitted by point 
source in water. 



Scatter filter Function 




Figure 4. Scatter filter function based on dividing photo- 
peak PHAW asymmetrically into two regions of 
equal scatter intensity. 

IIL HARDWARE IMPLEMENTATION 

This scatter rejection method has been incorporated 
into an electronic system [3] which implements the A - C 
subtraction in real-time for a matrix of points covering the 
field of view for a conventional 15 inch gamma camera. 
This system reads the camera X and Y position signals, the 
camera unbtonk line and the energy signal. The scatter 
rejection circuitry keeps a running account of A - C at 
every image field location (currently 256 by 256 matrix), 
and updates for each detected event If the running total 
is positive, then the event is accepted for the image. If the 
running total is negatWe, the event is rejected. The scatter 
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rejection circuitry operates at speeds faster than the 
camera, so that no deadtime or lose of counts occurs. The 
X and Y position signals, and the unblank pulse produced 
by the scatter rejection system are identical to those 
produced by the camera, so that the scatter rejection system 
can be interposed between the 

camera and any device that normaiw receives the camera 
output signals. 

There is a calibration routine to determine the sizes 
of the A and C regions for each camera. This is cunently 
done manually in the prototype system, however it can 
easily be automated for routine use. 

IV. EXPERIMENTAL MEASUREMENTS 

A series of camera images of two small (5 cc volume) 
sources were obuined with, and without, the scatter 
rcjeaion circuitry. The sources were positioned about 2 
cm apart, and the pair of sources was imaged over a range 
of distances from the camera face in air, and in water. The 
two sources were clearly resolved at the greatest distance 
from the camera in air, and with scatter rcjeaion; however 
without the scatter rejection, there was significant over 
lapping of the scatter ^elds from one source to the other 
for the images in water. The Tc-99m activities of the 
sources were selected so that one was approximately ten 
times the other. Measured counts were obtained from 
computer collected images using the same region of 
interest for sets of images obtained at the same depth with 
and without the scatter rejeaion circuitry. Appropriate 
time corrections for made for decay over the sequence of 
imaging. Figure 5 compares the counts obtained from 
these two sources in air and water. Ratios of counts 
measured from the sources at various depths, and com- 
parison of in-water source counts to calculated attenuation 
of measured in-air counts are given. The accuracy of 
scatter rejeaion imaging compared to attenuation calcula- 
tions with in-air measurements is better than 6% out to 
depths of 10 cm. 
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Figure 5. Relative count ratios, and calculated and mea- 
sured attenuation for two adjacent sources in 
water. Source aaivities were approximately 10 to 
1. 

The scatter rejeaion method has also been used for 
imaging of several phantoms and patient studies. Figure 6 
is a set of images obtained torn an anterior Tc-99m sulfur 
colloid liver^pleen procedure. The upper two images are 
from a standard PHAW; the lower two images used the A - 
C scatter rejection technique. In both cases, the image on 
the right is thresholded to visualize relatively low level 
count densities. Note that in the normal PHAW 
thresholded image (Fig. 6, upper right), the scatter from 
the liver and spleen aaivities "blossoms" out over adjacent 
marrow aaivity in ribs and spine. In the thresholded 
scatter rejeaion image (Fig. 6 lower right), the scatter from 
the liver and spleen has largely been eliminated, and the 
low level marrow aaivity in ribs and central axis can be 
visualized immediately adjacent to the high aaivity margins 
of the liver and spleen. 



V. DISCUSSION AND CONCLUSIONS 



The importance of scatter correaion, or as in this 
case, scatter rejeaion, is more than just clarity or contrast 
in standard planar imaging. Quantitative parameters in- 
cluding accurate attenuation correction arc highly sensitive 
to scatter, particularly in tomographic emission imaging. 
Limitations of earlier methods to used measured scatter 
photon intensity for correaions may be related to the 
geometry of source locations and scattered photon energy. 
The scatter window technique has been shown to be source 
geometry dependent [4], with variable window factors 
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Figure 6. Tc-99m sulfur colloid liver/spleen images with, and without scatter rejection. Images on right are thresholded 
'.o display low level count densities. 



needed and only regional accuracy. Energy weighted 
acquisition and associated spatial filters also has been 
shown to be object dependent, with variation of approxi 
matcly 30% in apparent source intensity for 10 cm depth 
range [5]. In contrast, the results with scatter rejection 
based only on photon intensities within the PHAW energy 
region appear to be relatively object independent, and for 
imaging of the high/low activity source pair, an accuracy of 
about 6% was observed to depths of 10 cm in water. 

Scatter photons have an intrinsic uncertainty about the 
source location because Compton scattering occurs with 
equal probability of orientation around the primary photon 
path direction (variation in azimuth angle). Therefore, 
suuicr photons are essentially a noise factor in the image, 
while detected non-scaticr photons represent image signal. 
In the scatter rejection method described above, the A - C 
operation eliminates most of the noise factor, but lowers 



signal as well, since some of the detected events in region 
C are non-scaiter photons. For the cameras used in 
the design and development of the system, the lose of non- 
scaiter photons from region A has been about 20%. Since 
the signal lo noise ratio (scatter noise) is substantially 
improved, and the 20% reduction in true counts will gener- 
ally be statistically acceptable. 

This approach to scatter rejection is not limited to 
standard gamma cameras, or single photon emitting 
radionuclides. The method can be applied lo any imaging 
system that uses one or more photopeak PHAWs for 
general scatter rejection, including PET imaging systems, 
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